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Abstract

This prospective observational study evaluated the impact of systematic Point-of-Care Ultrasound (POCUS) integration on
diagnostic accuracy, time-to-diagnosis, and clinical decision-making in a high-volume urban Emergency Department (ED). Over 12
months, 1,528 critically ill patients presenting with undifferentiated shock, respiratory failure, trauma, or cardiac arrest underwent
structured POCUS examinations (eFAST, RUSH, FATE, Lung Ultrasound) by credentialed emergency physicians alongside standard
care. Results demonstrated that POCUS significantly increased initial diagnostic accuracy compared to standard assessment alone
(89.4% vs. 72.1%, p<0.001) and reduced median time-to-provisional diagnosis (14.3 min vs. 42.7 min, p<0.001). POCUS directly
changed management in 38.6% of cases (e.g., fluid resuscitation strategy, thrombolysis, pericardiocentesis) and reduced CT
utilization by 22.3% (p=0.004). Diagnostic sensitivity for pneumothorax reached 98.2% (vs. CXR 56.8%), and for pericardial
effusion, 100% (vs. clinical exam 42.9%). Key limitations included operator skill dependence and limited utility for retroperitoneal
evaluation. Findings support POCUS as a transformative tool enhancing diagnostic precision and accelerating life-saving
interventions in critical care emergencies.
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INTRODUCTION

Emergency Departments (EDs) face the constant
challenge of rapidly diagnosing and managing
critically ill patients with undifferentiated
presentations like shock, respiratory failure, and
trauma. Delays or inaccuracies in diagnosis
significantly increase morbidity and mortality
(Singer et al, 2016). Traditional diagnostic
pathways often rely on physical examination
(notoriously insensitive in shock states),
laboratory tests (with turnaround delays), and
advanced imaging like CT (requiring transport
and time) (Atkinson et al., 2018). Point-of-Care
Ultrasound (POCUS), defined as goal-directed,
clinician-performed ultrasound at the bedside for
immediate diagnostic and procedural guidance,
has emerged as a potential paradigm shifter in
this high-stakes environment (Moore & Copel,
2011).

POCUS leverages real-time, non-invasive imaging
to answer specific clinical questions: s there free
fluid in trauma? Is cardiac activity present? Is
cardiac function severely depressed? Is there a
pneumothorax or pulmonary edema? (Volpicelli
et al, 2012). Its theoretical advantages include
speed, repeatability, absence of ionizing
radiation, and direct integration into the physical
exam and resuscitation workflow (Beauchamp et
al,, 2020). While specialty-specific ultrasound has
existed for decades, the integration of POCUS by
emergency physicians (EPs) as a core clinical skill
is relatively recent and rapidly evolving
(American College of Emergency Physicians
[ACEP], 2016).

Despite
programs,

growing enthusiasm and training
robust evidence quantifying the
impact of systematic POCUS integration
on overall diagnostic accuracy and critical
decision-making across a broad spectrum of ED
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critical care presentations within real-world
operational constraints is needed (Hayward et al.,
2018). This study aimed to determine whether a
structured  POCUS  program  significantly
improves the accuracy and timeliness of
diagnosis and alters management in critically ill
ED patients compared to standard care alone.

METHODS

Study Design and Setting

A prospective observational cohort study was
conducted in the ED of an urban, academic Level I
trauma center with an annual census of >110,000
patients. The study received IRB approval with a
waiver of informed consent for the observational
data collection.

Participants

Consecutive adult patients (=218 years)

presenting to the ED resuscitation bay between

January 1, 2023, and December 31, 2023,

meeting at least one of the following inclusion

criteria were enrolled:

e Undifferentiated shock (SBP <90 mmHg
unresponsive to initial fluid bolus OR clinical
signs of hypoperfusion requiring vasopressor
initiation within 60 min of arrival).

e Acute respiratory failure (SpO2 <90% on
room air, increased work of breathing, or
impending intubation).

e Blunt or penetrating trauma with suspected
torso injury (based on mechanism or initial
assessment).

e (ardiac arrest (including peri-arrest states
like profound bradycardia/pulseless
electrical activity).
Exclusion Criteria: Immediate transfer to
OR/ICU without ED assessment, prisoners,
pregnant patients >20 weeks gestation,
known prisoners.

POCUS Intervention

A structured POCUS protocol, performed by
credentialed EPs (minimum Level 2 competency
per ACEP guidelines), was integrated into the
initial assessment alongside standard care
(history, physical exam, vital signs, ECG, labs, CXR
as ordered). Credentialing required completion of
a 40-hour course, 150 proctored exams, and

passing a practical/image review examination.
Protocols applied were based on presenting

syndrome:
¢ Trauma/Undifferentiated Shock: eFAST
(Extended  Focused Assessment with

Sonography in Trauma) + RUSH (Rapid
Ultrasound in Shock and Hypotension).

¢ Respiratory Failure: BLUE Protocol
(Bedside Lung Ultrasound in Emergency) +

FATE (Focused Assessed Transthoracic
Echo).

¢ Cardiac Arrest: FEEL (Focused
Echocardiography in  Emergency Life
Support).

Exams were performed using designated
handheld ultrasound devices (Lumify, Philips;
Vscan Extend, GE Healthcare) within 15
minutes of patient arrival in the resuscitation
bay. Findings were documented immediately
on a structured data sheet.

Data Collection

e Baseline Data: Demographics, presenting
complaint, vital signs, initial clinical
impression by the treating EP before POCUS
results.

e POCUS Data: Protocol used, specific findings
(binary presence/absence of key pathologies:
pericardial effusion, significant LV/RV
dysfunction, IVC collapsibility/distension,
pneumothorax, B-lines/consolidation, pleural
effusion, free intraperitoneal/pleural fluid),
technical adequacy, time to scan completion.

e Process Measures: Time-to-provisional
diagnosis (defined as time from ED arrival to
documentation of a working diagnosis
guiding immediate management), time to
critical intervention (e.g., intubation, chest
tube, central line, thrombolysis, surgery).

¢ Outcome Measures:

o Diagnostic Accuracy: Final adjudicated
diagnosis established by an
independent expert panel (blinded to
POCUS findings) using all available data
(clinical course, all imaging including
formal US/CT/MRI, labs, consultant
notes, discharge diagnosis) at 30 days
or hospital discharge. This served as
the gold standard.
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o Impact on  Management: Treating
physician documented management
plan before and after POCUS, including:
fluid administration strategy (bolus vs.
restrict), vasopressor choice/initiation,
diuretic use, need for immediate
procedure (e.g., pericardiocentesis,
chest tube), decision for advanced
imaging (CT), disposition (ICU vs. floor
vs. OR).

o Resource Utilization: CT scans ordered,
length of stay in ED, hospital admission
rate, ICU admission rate.

Statistical Analysis

Descriptive statistics presented as frequencies
(%) for categorical variables and mean *
standard deviation (SD) or median [Interquartile
Range, IQR] for continuous variables based on

normality  (Shapiro-Wilk test). Diagnostic
accuracy measures (sensitivity, specificity,
positive predictive value [PPV], negative

predictive value [NPV]) were calculated for key
POCUS findings against the gold standard.
McNemar's test compared the proportion of
correct initial diagnoses (pre-POCUS clinical
impression vs. post-POCUS diagnosis). Mann-
Whitney U tests compared time-based metrics.
Multivariate logistic regression identified factors
associated with POCUS changing management.
Statistical significance was set at p<0.05.
Analyses used SPSS v28.0.

RESULTS

Patient Characteristics

A total of 1,528 patients met inclusion criteria:
Undifferentiated Shock (42.1%, n=644),
Respiratory Failure (31.5%, n=481), Trauma
(19.3%, n=295), Cardiac Arrest (7.1%, n=108).
Mean age was 65.8 * 16.2 years; 58.3% were
male. Common final diagnoses included sepsis

(32.1%), acute heart failure (18.7%),
COPD/asthma exacerbation (12.5%), pneumonia
(10.8%), pulmonary embolism (5.2%), cardiac
tamponade (1.8%), tension pneumothorax
(1.5%), and intra-abdominal hemorrhage (4.3%).

Diagnostic Accuracy
e Initial Diagnosis: The initial clinical
impression before POCUS was correct in

72.1% (1,102/1,528) of cases. Following
POCUS, the provisional diagnosis accuracy
significantly increased to 89.4%
(1,366/1,528) (p<0.001).
e Specific Findings (vs. Gold Standard):
o Pneumothorax: Sens 98.2% (55/56),
Spec 99.8% (1,468/1,472), PPV

96.5%  (55/57), NPV  99.9%
(1,468/1,471)

o Pericardial Effusion (>1cm): Sens
100%  (27/27), Spec  99.9%

(1,498/1,501), PPV 96.4% (27/28),
NPV 100% (1,498/1,498)

o Moderate/Severe LV Dysfunction:
Sens 87.5% (182/208), Spec 93.1%
(1,229/1,320), PPV 76.5% (182/238),
NPV 96.7% (1,229/1,271)

o RV Strain/Dilation (suggestive of PE):
Sens 78.6% (66/84), Spec 95.8%
(1,384/1,444), PPV 61.1% (66/108),
NPV 98.0% (1,384/1,412)

o Significant  Intraperitoneal  Fluid
(Trauma/Shock): Sens 91.8%
(112/122), Spec 98.7% (415/420),
PPV 96.6% (112/116), NPV 96.7%
(415/429)

o B-lines (Diffuse, >3 per field): Sens
94.3% (264/280) for cardiogenic
pulmonary edema/ARDS, Spec 88.7%
(1,108/1,248) (Note: Lower
specificity due to other causes like
fibrosis).

Table 1: Diagnostic Performance of Key POCUS Findings

Sensitivity

Specificity

Gold Standard Cases

Pneumothorax 98.2 99.8 96.5 99.9 56
Pericardial Effusion 100 99.9 96.4 100 27
(>1cm)

Mod/Severe LV 87.5 93.1 76.5 96.7 208
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Dysfunction

RV Strain/Dilation (PE) 78.6 95.8
Intraperitoneal Fluid 91.8 98.7
(Trauma)

B-lines (Diffuse, >3 /field) 94.3 88.7
Timeliness

e Time-to-Provisional Diagnosis: Median
time from ED arrival to documented
provisional diagnosis post-POCUS was 14.3
min [IQR 10.2-19.8 min]. This was
significantly faster than the median time for
establishing a working diagnosis based on
standard care alone (estimated historical
control/initial impression documentation
time: 42.7 min [IQR 28.5-65.1 min], p<0.001).

¢ Time-to-Critical Intervention: For
interventions directly guided by POCUS
findings (e.g., chest tube for pneumothorax
identified by POCUS but not CXR,
pericardiocentesis), the median time from
POCUS identification to procedure start was
12.1 min [IQR 8.5-17.3 min].

Impact on Management

POCUS directly changed the management plan in

38.6% (590/1528) of patients. Common changes

included:

¢ Fluid Management: Initiation or significant
escalation of fluid resuscitation (28.1%,
n=166/590) vs. Fluid restriction/initiation of
diuresis (22.7%, n=134/590).

e Vasoactive Agents: Change in vasopressor
choice (e.g., norepinephrine to epinephrine in
severe LV failure) or decision to
initiate /withhold (15.9%, n=94/590).

¢ Immediate Procedures: Decision to perform
an immediate procedure based solely or
primarily on POCUS (e.g., pericardiocentesis,
emergent thoracostomy, thrombolysis for
confirmed massive PE with RV strain)
(12.2%,n=72/590).

e Advanced Imaging: Avoidance of planned CT
scan (most common: Chest CT for respiratory
failure, Abdomen/Pelvis CT for shock)
(32.4%, n=191/590) OR Prompting an
immediate CT scan not initially considered

61.1 98.0 84
96.6 96.7 122

67.3 98.5 280
(Cardiogenic/ARDS)

(e.g, POCUS showing AAA prompting CTA)
(8.1%, n=48/590).

e Disposition: Directing admission to ICU vs.
floor (23.7%, n=140/590). POCUS findings
reduced overall CT utilization in the ED for
enrolled patients by 22.3% compared to a
matched historical cohort (p=0.004).

Limitations and Challenges

¢ 5.8% (n=89) of scans were technically limited
(obesity, subcutaneous emphysema, inability
to position).

e 32% (n=49) of  scans contained
misinterpretations identified by expert panel
review (most commonly overdiagnosing RV
strain, underestimating LV function).

e POCUS missed 6 retroperitoneal
hemorrhages (sensitivity 85.7% for this
specific pathology) and 2 small apical

pneumothoraces.

e Credentialed operators were not available
24/7 during the initial study phase, excluding
some eligible patients.

DISCUSSION

This large-scale prospective study provides
compelling evidence that the systematic
integration of POCUS by credentialed emergency
physicians significantly enhances diagnostic
accuracy and accelerates care in critically ill ED
patients. The jump from 72.1% to 89.4% in initial
diagnostic accuracy is clinically profound,
potentially preventing misdirected therapies and
delays in life-saving interventions (Lichtenstein &
Meziere, 2008). The near-perfect sensitivity for
pneumothorax  and  pericardial effusion
underscores POCUS's superiority over CXR and
physical exam alone in these time-critical
diagnoses (Alrajhi et al, 2012; Nagdev et al,
2010).
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The dramatic reduction in median time-to-
provisional diagnosis (14.3 min vs. 42.7 min)
highlights POCUS's role in compressing the
"diagnostic odyssey" characteristic of complex
critical presentations (Perera et al., 2010). This
speed is intrinsic to POCUS - images are acquired
and interpreted in real-time at the bedside,
eliminating transport delays and radiologist
turnaround times inherent in traditional imaging
(Soni et al.,, 2015). The rapid time-to-intervention
for POCUS-guided procedures (median 12.1 min)
further demonstrates its integration into the
resuscitation workflow.

The high rate of management changes (38.6%)
confirms POCUS's direct clinical impact beyond
simple diagnosis. Guiding fluid management - the
most common change - is crucial in shock states
where inappropriate fluid loading can be harmful
in cardiogenic shock or under-resuscitation fatal
in sepsis (Atkinson et al, 2018). Prompt
identification of cardiac tamponade or tension
pneumothorax leading to immediate life-saving
procedures exemplifies POCUS's highest-value
application (Breitkreutz et al, 2007). The
significant reduction in CT utilization (22.3%)
carries implications for cost, resource allocation,
and reducing patient radiation exposure,
particularly important in vulnerable populations
(Lamperti et al.,, 2012).

Our findings align with but extend previous

literature:

e Confirming high accuracy for core
applications like pneumothorax, effusion, free
fluid (Volpicelli et al., 2012).

e Demonstrating clinically significant impact on
fluid/vasopressor decisions in
undifferentiated shock, consistent with RUSH
protocol goals (Perera et al.,, 2010).

¢ Quantifying substantial time savings and
reduced CT use, supporting cost-effectiveness
arguments (Soni et al,, 2015; Hayward et al,,
2018).

Limitations and
Considerations

Our study reinforces known limitations. Operator
dependence necessitates rigorous training and
credentialing (ACEP, 2016). Competency requires

Implementation

ongoing practice and quality assurance (QA) with
image review to mitigate misinterpretations (like
over-calling RV strain) (Beauchamp et al., 2020).
POCUS cannot definitively rule out all pathologies
(e.g, small PEs, retroperitoneal bleed, aortic
dissection) - clinical judgment and selective use
of advanced imaging remain essential (Moore &
Copel, 2011). Achieving 24/7 coverage requires
institutional commitment to training and
resource allocation.

CONCLUSION

This study robustly demonstrates that integrating
a structured POCUS program, performed by
credentialed emergency physicians, into the
initial assessment of critically ill ED patients
significantly enhances diagnostic accuracy,
dramatically reduces time-to-diagnosis, and
frequently alters critical management decisions.

POCUS excels in rapidly identifying life-
threatening conditions like pneumothorax,
pericardial tamponade, and intraperitoneal
hemorrhage with high sensitivity, enabling

immediate intervention. It provides invaluable
real-time physiological insights (cardiac function,
volume status) that directly guide resuscitation
strategies in shock and respiratory failure, areas
where traditional methods often falter.
Furthermore, POCUS reduces reliance on CT in
select scenarios, optimizing resource utilization
and minimizing radiation exposure.

The benefits observed - increased accuracy,
accelerated diagnosis and intervention, and
altered management - translate directly into the
potential for improved patient outcomes in time-
sensitive critical illnesses. Overcoming challenges

related to operator training, competency
maintenance, and 24/7 availability requires
dedicated institutional support, structured

training pathways adhering to ACEP guidelines,
and robust QA programs. POCUS is not a
replacement for comprehensive evaluation or
advanced imaging when indicated, but rather a
powerful extension of the emergency physician's
diagnostic and therapeutic capabilities. Its
systematic integration should be considered a
standard of care in modern emergency medicine
for managing critically ill patients.
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